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  SySTemATiC Review
Developing a core outcome set for 
paediatric wrist fractures: a systematic 
review of prior outcomes
Objectives
This review aims to summarize the outcomes used to describe effectiveness of treatments for 
paediatric wrist fractures within existing literature.
method
We searched the Cochrane Library, Scopus, and Ovid Medline for studies pertaining to pae-
diatric wrist fractures. Three authors independently identified and reviewed eligible studies. 
This resulted in a list of outcome domains and outcomes measures used within clinical re-
search. Outcomes were mapped onto domains defined by the COMET collaborative.
Results
Our search terms identified 4,262 different papers. Screening of titles excluded 2,975, leav-
ing 1,287 papers to be assessed for eligibility. Of this 1,287, 30 studies were included for 
full analysis. Overall, five outcome domains, 16 outcome measures, and 28 measurement 
instruments were identified as outcomes within these studies. 24 studies used at least one 
measurement pertaining to the physiological/clinical outcome domain. The technical, life 
impact, and adverse effect domains were recorded in 23, 20, and 11 of the studies respec-
tively. Within each domain it was common for different measurement instruments to be used 
to assess each outcome measure. The most commonly reported outcome measures were 
range of movement, a broad array of “radiological measures” and pain intensity, which were 
used in 24, 23, and 12 of the 30 studies.
Conclusion
This study highlights the heterogeneity in outcomes reported within clinical effectiveness 
studies of paediatric wrist fractures. We provided an overview of the types of outcomes re-
ported in paediatric wrist fracture studies and identified a list of potentially relevant out-
comes required for the development of a core outcome set.
Cite this article: Bone Joint Open 2020;1-5:121–130.
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introduction
Wrist fractures are extremely common within 
a paediatric population. One- third of chil-
dren suffer at least one fracture before the 
age of 17 years,1 and fractures represent 
9% of all childhood injuries that present to 
health services.2 Of these injuries, distal radii 
fractures are the most frequent.
Despite the frequency of these injuries, 
optimal treatment strategies remain contro-
versial. The treatment of fractures follows the 
basic principles of adequately restoring the 
anatomy, holding the bone to facilitate healing 
and encouraging rehabilitation. However, due 
to the remodelling capacity of children's bone 
is such that perfect anatomical correction 
of a fracture is not often not required, as the 
bone will return to a normal shape as it grows. 
The optimal treatment of fractures and the 
decision to operate is informed by research; 
however, the interpretation of such evidence 
is often hampered by the heterogeneity of 
study design and the lack of an agreed set of 
outcomes. This variation often acts as a barrier 
when drawing comparisons between studies. 
Due to these problems there is currently signif-
icant variation within the practice habits and 
management of paediatric wrist fractures.3 
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Table i. inclusion and exclusion criteria for study.
Criteria type Description
inclusion criteria Human participants
Study exclusively involving children (< 18 years) with a 
wrist fracture
Any involving interventions for the management of 
acute wrist fractures
exclusion criteria Studies that were not published in english
Studies that were published greater than 15 years prior 
to the writing of this paper (prior to August 2003) to 
ensure that data are relevant to current practice
Studies that included less than 20 cases to ensure 
papers selected for analysis were representative of the 
general population, and not published owing to novel 
findings
Systematic reviews
Homogenising care is consistent with the UK- wide national 
Health Service (nHS) agenda to eradicate unnecessary vari-
ation, through the vehicle of ‘Getting it Right First Time 
(GiRFT)’.4
One way to reduce this variation is through the devel-
opment of a core outcome set (COS), which represent 
a minimum required data set for randomized controlled 
trials of certain conditions 5,6 and aim to reduce hetero-
geneity in both research and clinical practice. They allow 
for easy comparison between studies, facilitate meta- 
analyses, improve the accuracy of data interpretation and 
reduce outcome reporting bias.7
The Core Outcome Measures in effective Trials 
(COMeT) initiative was set up in January 2010 and aims 
to facilitate the development and application of COSs in 
order to overcome outcome reporting variation.8
This systematic review forms the foundations for the 
development of a COS for the management of paediatric 
wrist fractures. This review aims to collate and summarize 
the outcome domains utilized to report the outcomes of 
paediatric wrist fractures within existing literature.
methods
We conducted a systematic review using the Preferred 
Reporting items for Systematic Reviews and Meta- 
Analyses (PRiSMA) checklist.9
Collection of data
Search strategy and criteria. The research question was 
formulated with keywords and concepts identified using 
the patient problem, intervention, comparison and out-
come (PiCO) process.10 in this review, the PiCO frame-
work was:
 Population: Study exclusively involving children (< 18 
years) with a wrist fracture.
  interventions/Comparison: Any intervention for 
management of acute wrist fractures.
 Outcomes: All outcomes.
initial search- terms were then identified and exploded 
ensuring the inclusion of related terms and relevant 
synonyms. Multiple databases were used in order to 
ensure that a thorough search was carried out. These 
databases included the Cochrane Library, Ovid Medline, 
and SCOPUS. The search was then refined through the 
subsequent application of more specific terms and limita-
tions. The suggested search terms for core outcome sets 
by Gargon et al11 were used as a guide. The eligibility 
criteria for this study is shown in Table  i. For full details 
of the search see the supplementary text included within 
the appendix.
The search was supplemented with thorough hand 
searching of the references of the articles retrieved for 
previously unfound published reports.
Four authors independently assessed all the titles 
and abstracts of published articles as a result of the 
initial search of the Cochrane Library, Scopus, and OViD 
Medline for eligibility. This search took place in August 
2018. Full text reports were obtained where appropriate. 
Any disagreements upon the selection of studies was 
resolved via discussion. A fifth author was used to adjudi-
cate where this was not possible.
Data extraction. From each included publication one 
author extracted the following data: study type, demo-
graphic characteristics of the patients, including age, the 
number of patients, and the outcomes used within these 
studies, and the methods they used to measure these 
outcomes. This data was then checked independently by 
the second author.
Data presentation. The data collected from the eligible 
studies was summarized in a textual format consistent 
with how the information was presented within the orig-
inal articles.
Outcome terms were assigned to one of the core 
outcome domains from the revised Williamson- Clarke 
criteria of CoS outcomes (Table ii).12
A list of all potential outcomes was identified from the 
systematic review. Outcomes were listed both individu-
ally and by domain to aid interpretation. For each core 
domain area, the frequency of selection for each indi-
vidual outcome measure was evaluated. The instruments 
used to capture each outcome and the time points at 
which they were utilized was also recorded.
Quality assessment. The purpose of this study was to 
identify all outcomes reported irrespective of the study 
quality. While a poor- quality study may influence the out-
comes of a conventional systematic review of clinical ef-
fectiveness, it will not have any influence on the types of 
outcomes being recorded. no formal quality assessment 
was therefore undertaken.
Results
The search identified 4,318 possible titles and abstracts; 
56 duplicates were then removed. initial review of the 
titles remaining articles excluded a further 2,975 articles, 
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Table ii. Overview of Williamson- Clarke criteria as modified by Dorman et al.13
Core area Core domains examples
Adverse effects Adverse events Unintended consequences
Death n/A n/A
Physiological/ clinical Musculoskeletal outcomes Range of movement, grip strength etc.
Life impact Physical/ social/ role/ emotional/ cognitive/ functioning
Health- related quality of life (HRQoL)
Delivery of care (does not refer to the resource delivery but instead includes 
satisfaction, patient preference, adherence, withdrawal, tolerability etc.)
Patient- reported outome measures, activities 
of daily living, pain intensity, patient 
experience and satisfaction, quality of life etc.
Resource use economic/ hospital/ need for intervention
Societal burden
Length of stay, further surgery, physiotherapy 
etc.
Technical considerations Technical/surgical considerations Radiological measurements
leaving 1,287 articles for assessment of eligibility. Review 
of the abstracts then excluded a further 1,035 papers, 
leaving 252 full papers for screening. After obtaining the 
full articles a further 222 studies were removed leaving 
30 papers for inclusion within the study. Of note, no 
meta- analyses where deemed as eligible for this study. 
Searching references lists and conferring with experts 
added no further articles. This process is displayed in 
figure 1.
information on the general characteristics and partic-
ipants of the 30 selected studies is presented within 
Table iii.
The most common outcome domain measured was 
physiological/ clinical, with 24/30 studies using at least 
one measurement pertaining to this (Figure 2). The next 
most commonly used domains were Technical/Surgical, 
Life impact and Adverse effects, with 23, 21 and 11 of 
30 studies respectively, using such measures. All studies 
used measures from one of these 4 domains with 3 
studies recording any outcomes pertaining to the domain 
“Resource Use”.
in total there were 16 different measures used in the 
selected studies, with many different tools to assess these 
(Figure 3). The most common measures used were range 
of movement, a broad array of “radiological parame-
ters (Figure  4)” and pain intensity. Cost- effectiveness, 
the need for further interventions, psychological assess-
ment, and likelihood to reuse the service, cold sensitivity, 
duration of treatment and circumference relative to the 
patient’s other forearm were all used in one study each.
Discussion
it is clear that there is significant heterogeneity in 
outcomes reported in the management of paediatric 
wrist fractures. Many different outcome domains were 
used, with a variety of different outcome measures utal-
ised within each domain. Further to this, even where the 
same outcomes were used, commonly different measure-
ment instruments within the assessment of outcome. The 
vast majority of studies included measures pertaining to 
the outcome domains of ‘Life impact’ (i.e. pain or the 
ability to function normally), ‘Physiological/ Clinical’ (i.e. 
the range of wrist movement) and Technical/Surgical 
Considerations (i.e. a surgeon’s assessment of how close 
the wrist is restored to normal anatomy). However, within 
each domain, there was almost no agreement on any 
of the measurements to be used, such that there were 
5 different ways of measuring pain, 7 different ways of 
measuring function and 9 different radiological param-
eters used. Such variation limits the ability to compare 
outcomes for different interventions between studies, or 
the performance of different health care providers.
Measures of Life impact domain were most common, 
with instruments assessing a child’s perception of pain/ 
recovery, satisfaction and return to daily function. These 
were largely assessed through patient- reported outcomes 
(PROs), which are generally considered the outcomes 
most important to patients. Pain may be considered the 
simplest thing to record, as techniques for pain measure-
ment have been extensively researched in children, and a 
number of high- quality systematic reviews exist to outline 
the optimal means of measurement in children.44,45 
However, pain was recorded in 5 different ways; several 
of which were not reliable or valid measures in this popu-
lation. Functional PROs are more complex, seeking to 
quantify functional capacity, such as the ability to return 
to perform activities of daily living, and are more subjec-
tive.46,47 PROs used included the Modified Mayo Wrist 
Score (MMWS), Disabilities of the Arm, Shoulder, and 
Hand (DASH) Score and Activities Scale for Kids (ASKp). 
However, there is significant concern about the validity 
of these measures in the child population. ASKp has been 
validated within children aged 5 to 15,48 but there no such 
validation for the use of DASH and MMWS, which were 
developed for use in adults. Furthermore, these PROs do 
not appear to have ‘face- validity’ in a child population 
with questions pertaining to sexual function, ‘heavy 
household chores’ and employment status. While ASKp 
is valid in this population, it was only used in 2 papers, 
though the sensitivity for change among children with 
wrist injuries in unknown.
Surgical/technical outcomes were the second most 
commonly used domain, typically through measure-
ments of radiological parameters. However, a large 
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Fig. 1
Flowchart of articles retrieved from searches of databases and reasons for exclusion.
number of measurement tools were used, with little 
consistency between studies; including radial inclina-
tion, palmar tilt of articular surface, ulnar variance, and 
residual angulation of the shaft of radii / ulna, length of 
the radii and fracture union time. There was no standard-
ization of the timing of radiological measures.
Furthermore, although radiological parameters are 
widely used as outcomes, there is little to no evidence 
that such outcomes correlate with important functional 
outcomes. However in adults it has been shown that 
these parameters correlate poorly with patient reported 
outcomes.49,50 While this is not in a paediatric population 
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Table iii. Presentation of results.
Paper
Age of participants at 
time of trauma (years) Study design Core Outcome Domains measured*
114 Average: 8 Range: 3–14 Case series Technical/surgical considerations:
Radial inclination and palmar tilt of distal articular surface, ulnar variance and the residual 
angulation of the shaft of the radii.
Life impact:
Pain intensity.
Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side).
215 Average: 9 Range: 1 to 16 Case series Technical/surgical considerations:
Radial inclination, ulna variance and palmar tilt as compared with the contralateral side.
Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side).
Life impact:
Pain intensity.
316 Average: 8 5/12
Range: 4 to 12
Case series Technical/surgical considerations:
Magnitude of angulation of the radii and ulna.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side).
Life impact:
Patient satisfaction.
417 Average: 9.9
Range: 3 to 15
Case series Technical/surgical considerations:
Residual angulation of the shaft of the radii and the distance of radial shortening.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Rate of complication.
518 Average: 8.5
Range: 9/12 to 15
Randomized 
controlled trial
Life impact:
The willingness of the patient to use the immobilization again, daily pain scores, the duration of 
pain and the ability of the patient to return to employment/school.
619 Average: 13.2
Range: 10 to 16
Cohort study Technical/ surgical considerations:
Fracture union time.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side).
Life impact:
Patient satisfaction.
720 Average: 10.3
Range: 3.1–17.1 years
Case series Technical/surgical considerations:
Fracture union time and the residual angulation of the shaft of the radii.
Life impact:
Patient satisfaction.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Rate of complication.
821 Median:11
Range: 4 to 15
Case series Technical/surgical considerations:
Palmar tilt of the radii, the radial inclination, the residual angulation of the radial shaft and ulnar 
variance.
Life impact:
Pain intensity.
Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side) and the grip 
strength of the patient (% of contralateral side).
922 Average: 9.3
Range: 2 to 6
Randomized 
controlled trial
Life impact:
Level of difficulty involved in performing everyday tasks, patient satisfaction, the psychological 
status of the patient and pain intensity.
Resource use:
Cost and the need for further healthcare.
1023 Average: 13.8
Range: 9.6 to 15.9
Case series Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side) and the grip 
strength of the patient (% of contralateral side).
Life impact:
Pain intensity and the ability of the patient to return to employment/school.
Continued
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Paper
Age of participants at 
time of trauma (years) Study design Core Outcome Domains measured*
1124 Average: 13.7
Range: 10 to 16
Case- control 
study
Technical/surgical considerations:
Fracture union time.
Life impact:
Patient satisfaction.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Rate of complication.
1225 Average: 11
Range: 3.8 to 17.9
Case series Technical/surgical considerations:
Fracture union rate.
Life impact:
Patient satisfaction.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Rate of complication.
1326 Average 11.6
Range: 5 to 17
Case series Technical/surgical considerations:
Radii and Ulna length.
Life impact:
Patient satisfaction.
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side) and the circumference 
of forearm muscles compared to normal side.
Adverse effects:
Rate of complication.
1427 Average: 12.8
Range: 9.7 to 16.3
Case series Technical/surgical considerations:
Fracture union time, malunion and sclerotic changes of the scaphoid, as well as for 
malalignment or degenerative changes of the wrist.
Life impact:
The ability of the patient to return to employment/school, the level of difficulty involved in 
performing everyday tasks and pain intensity.
Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side) and the grip 
strength of the patient (% of contralateral side).
1528 Median: 14.5
Range: 8 to 18
Cohort study Life impact:
The ability of the patient to return to employment/school, the level of difficulty involved in 
performing everyday tasks and pain intensity.
Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side) and the grip 
strength of the patient (% of contralateral side).
1629 Average: 11
Range: 9 to 14
Case- control 
study
Technical/surgical considerations:
Signs of radiocarpal joint degeneration, bone misalignment, cross union between the ulna and 
radii heterotrophic ossification, or any other residual bone deformity.
Physiological/clinical:
Active range of movement of forearm and wrist (compared with contralateral side), the grip 
strength of the patient (% of contralateral side) and cold sensitivity.
Life impact:
The ability of the patient to return to employment/school, the level of difficulty involved in 
performing everyday tasks, patient satisfaction and pain intensity.
Adverse effects:
Rate of complication
1730 Average: n/a
Range: 6 to 15
Randomized 
controlled trial
Life impact:
The ability of the patient to return to employment/school, the level of difficulty involved in 
performing everyday tasks and pain intensity.
1831 Average: 11
Range: 7 to 15
Case series Technical/ surgical consideration:
Bone healing time (fracture union time), alignment of radii and ulna (magnitude of angulation), 
and rotation of the radii.
Life impact:
The ability of the patient to return to employment/school, the level of difficulty involved in 
performing everyday tasks, patient satisfaction and pain intensity.
Physiological/ clinical:
Active range of movement of forearm and wrist (compared with contralateral side) and the grip 
strength of the patient (% of contralateral side).
Table iii. Continued
Continued
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Paper
Age of participants at 
time of trauma (years) Study design Core Outcome Domains measured*
1932 Average: 5.2
Range: n/a
Case series Technical/ surgical consideration:
Residual angulation of radii and ulna.
Resource use:
Time until management
2033 Average: 13.4 Case series Technical/ surgical consideration:
Fracture union time, magnitude of angulation, length of radii/ulna and distal radioulnar joint 
(DRUJ) subluxation.
Life impact:
Level of difficulty involved in performing everyday tasks.
Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side).
2134 Average: 9.5
Range: 7 to 14
Case series Technical/ surgical consideration:
Translation and angulation of fracture.
Life impact:
Patient satisfaction.
Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side) and the presence of 
any clinical deformity.
2235 Average: 9.6
Range: n/a
Case series Technical/ surgical consideration:
Magnitude of fracture angulation.
Life impact:
Level of difficulty involved in performing everyday tasks.
Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side), the grip strength of 
the patient (% of contralateral side) and the presence of any clinical deformity.
2336 Average: 8.6
Range: n/a
Case series Technical/ surgical considerations:
Fracture union time, magnitude of angulation and rotation of fracture.
Adverse effects:
Complication rate.
2437 Average: 9.7
Range: 1.7–16.2
Case series Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Complication rate.
2538 Average:7.6
Range: 3 to 10
Case series Technical/ surgical considerations:
Ulna shortening, fracture union time and ulnar variance.
Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Rate of complication.
2639 Average: 14.1
Range: 12.1 to 17.6
Case series Technical/ surgical considerations:
Fracture union time and residual angulation.
Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side).
2740 Average: 11.5
Range: 7 to 14
Case series Technical/ surgical considerations:
Fracture union time and radial angulation.
Physiological/ clinical:
Active range of movement of forearm (compared with contralateral side).
Adverse effects:
Rate of complication
2841 Average: 8
Range: 1 to 15
Case series Technical/ surgical considerations:
Translation and angulation of fracture.
Adverse effects:
Rate of complication.
2942 Average: n/a
Range: 5 to 12
Randomized 
controlled trial
Technical/ surgical considerations:
Magnitude of angulation of fracture
Life impact:
Pain intensity and patient satisfaction.
Physiological/ clinical:
Active range of movement of forearm and wrist (compared with contralateral side) and the grip 
strength of the patient (% of contralateral side).
Table iii. Continued
Continued
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Paper
Age of participants at 
time of trauma (years) Study design Core Outcome Domains measured*
3043 Average: 8.7
Range: n/a
Case series Technical/ surgical considerations:
Magnitude of angulation of the fracture
Physiological/clinical:
Active range of movement of forearm (compared with contralateral side), the grip strength of 
the patient (% of contralateral side) and the presence of any clinical deformity.
Resource use:
Further medical/ surgical needs
*A full description of the method of outcome assessment is available online as an appendix (Online Table i).
Table iii. Continued
Fig. 2
Summary of core outcome domains used within the studies included in this 
review.
Fig. 3
Summary of the measurements used to assess outcome within the studies 
included in this review.
Fig. 4
Summary of radiological parameters used within the studies included in this 
review.
it still raises significant concerns with the use of radiolog-
ical outcomes.
The domain “Adverse effects” of therapeutic inter-
ventions were described in 11/30 papers. There was no 
standardized way of reporting, and incorporating compli-
cations into overall outcome. The domain “Resource 
Use” was reported in only 3 studies with instruments 
being used to measure the cost of the primary thera-
peutic intervention as well as the need for further medical 
interventions.
Due to the wide variability within the outcomes 
selected throughout these studies it is clear that a 
consensus needs to be reached among health care profes-
sionals regarding the most important domains, outcome 
measures and outcome measurement instruments. This 
is perhaps most important for PROs, where there is a 
significant desire to record these outcomes by surgeons, 
though where invalid measurement instruments are 
frequently used. The type of PROs used may however be 
on the cusp of changing, as the US national institutes 
of Health (niH) have an established Patient- Reported 
Outcomes Measurement information System (PROMiS) 
Roadmap initiative. There is a specific PROMiS Upper 
Limb measurement instrument for use in children, which 
has both patient- reported and proxy- reported versions, 
and is valid from five years old. PROMiS tools for chil-
dren have been extensively developed and tested within 
a population of 4,636 children by experts in the devel-
opment of PROs, with extensive validation.51,52 The exis-
tence of a valid upper limb score for children is likely to 
standardize the way that upper limb function is recorded, 
though similar standardization will be necessary for other 
elements of life- impact, such as pain.
There are inherent limitations with reviewing outcomes 
within existing literature, with studies selected particu-
larly prone to reporting bias where authors report only 
outcomes with favourable results. in order to minimize 
the effect of this bias, this review focused only upon the 
outcomes used rather than the outcome result.
We collected information from a large number of 
studies, excluding small studies which may introduce 
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outcome measures most relevant in a few novel cases. 
The quality of the studies reported, or quality of the 
results obtained, are therefore less relevant to this review 
which is most concerned with which outcomes were felt 
to be important, and measured accordingly.
This review documents the range of outcome 
domains, measures and tools within studies of paedi-
atric wrist factures. The inconsistencies in outcomes 
measured between studies makes meta- analyses difficult 
to interpret. Consensus regarding the most important 
outcomes, the COS, is urgently required. in doing this, 
it is important to elicit the opinions of children, parents, 
and carers, as well as clinicians, to ensure important 
outcomes are universally recorded. Until there is a consis-
tent approach to the study of this common injury, there 
will be ongoing heterogeneity between studies, with 
research unable to elicit answers to the key questions.
References
 1.  Cooper C, Dennison EM, Leufkens HG, Bishop N, van Staa TP. Epidemiology of 
Childhood Fractures in Britain: a study using the general practice research database. 
J Bone Miner Res. 2004;19(12):1976–1981.
 2.  Spady DW, Saunders DL, Schopflocher DP, Svensson LW. Patterns of injury in 
children: a population- based approach. Pediatrics. 2004;113(3 Pt 1):522–529.
 3.  Bernthal NM, Mitchell S, Bales JG, Benhaim P, Silva M. Variation in practice 
habits in the treatment of pediatric distal radius fractures. J Pediatr Orthop B. 
2015;24(5):400–407.
 4.  Getting It Right First Time. (Cited 2018 May 20). 2018. http:// gett ingi trig htfi rsttime. 
co. uk/
 5.  Williamson PR, Altman DG, Blazeby JM, et al. Developing core outcome sets for 
clinical trials: issues to consider. Trials. 2012;13:132.
 6.  Waters AMI, Tudur Smith C, Young B, Jones TM. The CONSENSUS study: 
protocol for a mixed methods study to establish which outcomes should be included 
in a core outcome set for oropharyngeal cancer. Trials. 2014;15:168.
 7.  Core Outcome Measures in Effectiveness Trials (COMET Initiative). (Cited 
2017 April 21). 2017. http://www. comet- initiative. org/ about/ background
 8.  Prinsen CAC, Vohra S, Rose MR, et al. Core Outcome Measures in Effectiveness 
Trials (COMET) initiative: protocol for an international Delphi study to achieve 
consensus on how to select outcome measurement instruments for outcomes 
included in a ‘core outcome set’. Trials. 2014;15(1):247.
 9.  Preferred Reporting Items for Systematic Reviews and Meta- Analyses. 
PRISMA checklist. 2009(Cited 2017 April 21). Available from:. http://www. prisma- 
statement. org/ PRISMAStatement/ Checklist. aspx (date last accessed Accessed 19 
April 2017).
 10.  Davies KS. Formulating the evidence based practice question: a review of the 
frameworks. Evid Based Libr Inf Pract. 2011;6(2):75–80.
 11.  Gargon E, Williamson PR, Clarke M. Collating the knowledge base for core 
outcome set development: developing and appraising the search strategy for a 
systematic review. BMC Med Res Methodol. 2015;29(15):26.
 12. Dodd S. Classification of COS outcomes. 2017(Cited 2018 May 20). Available from: http://
www. comet- initiative. org/ assets/ downloads/ 6th- meeting/ Dodd% 20Classification% 
20of% 20COS% 20outcomes. pdf
 13. Dorman SL, Shelton JA, Stevenson RA, et al. Management of medial humeral 
epicondyle fractures in children: a structured review protocol for a systematic review 
of the literature and identification of a core outcome set using a Delphi survey. Trials. 
2018;19(1):119.
 14.  Zimmermann R, Gschwentner M, Pechlaner S, Gabl M. Remodeling capacity 
and functional outcome of palmarly versus dorsally displaced pediatric radius 
fractures in the distal one- third. Arch Orthop Trauma Surg. 2004;124(1):42–48.
 15.  Zimmermann R, Gschwentner M, Kralinger F, et al. Long- term results following 
pediatric distal forearm fractures. Arch Orthop Trauma Surg. 2004;124(3):179–186.
 16.  Tarmuzi NA, Abdullah S, Osman Z, Das S. Paediatric forearm fractures: functional 
outcome of conservative treatment. Bratisl Lek Listy. 2009;110(9):563–568. http:// 
bmj. fmed. uniba. sk/ 2009/ 11009- 09. pdf
 17.  Ramoutar DN, Shivji FS, Rodrigues JN, Hunter JB. The outcomes of displaced 
paediatric distal radius fractures treated with percutaneous Kirschner wire fixation: a 
review of 248 cases. Eur J Orthop Surg Traumatol. 2015;25(3):471–476.
 18.  Oakley EA, Ooi KS, Barnett PL. A randomized controlled trial of 2 methods 
of immobilizing torus fractures of the distal forearm. Pediatr Emerg Care. 
2008;24(2):65–70.
 19.  Zheng W, Tao Z, Chen C, et al. Comparison of three surgical fixation methods for 
dual- bone forearm fractures in older children: A retrospective cohort study. Int J Surg. 
2018;51:10–16.
 20.  Luhmann SJ, Schootman M, Schoenecker PL, Dobbs MB, Gordon JE. 
Complications and outcomes of open pediatric forearm fractures. J Pediatr Orthop. 
2004;24(1):1–6. https://www. ncbi. nlm. nih. gov/ pubmed/ 14676525
 21.  Houshian S, Holst AK, Larsen MS, Torfing T. Remodeling of Salter- Harris type 
II epiphyseal plate injury of the distal radius. J Pediatr Orthop. 2004;24(5):472–476. 
https://www. ncbi. nlm. nih. gov/ pubmed/ 15308894
 22.  Hamilton TW, Hutchings L, Alsousou J, et al. The treatment of stable paediatric 
forearm fractures using a cast that may be removed at home: comparison with 
traditional management in a randomised controlled trial. Bone Joint J. 2013;95- 
B(12):1714–1720.
 23.  Gajdobranski D, Zivanovic D, Mikov A, et al. Scaphoid fractures in children. Srp 
Arh Celok Lek. 2014;142(7-8):444–449.
 24.  Feng Y, Shui X, Wang J, et  al. Comparison of hybrid fixation versus dual 
intramedullary nailing fixation for forearm fractures in older children: Case- control 
study. Int J Surg. 2016;30:7–12.
 25.  Carmichael KD, English C. Outcomes assessment of pediatric both- bone forearm 
fractures treated operatively. Orthopedics. 2007;30(5):379–383. https://www. ncbi. 
nlm. nih. gov/ pubmed/ 17539210
 26.  Cannata G, De Maio F, Mancini F, Ippolito E. Physeal fractures of the distal 
radius and ulna: long- term prognosis. Orthop Trauma. 2003;17(3):172–179. https:// 
insights. ovid. com/ pubmed? pmid= 12621255
 27.  Weber DM, Fricker R, Ramseier LE. Conservative treatment of scaphoid nonunion 
in children and adolescents. J Bone Joint Surg Br. 2009;91(9):1213–1216.
 28.  Bae DS, Gholson JJ, Zurakowski D, Waters PM. Functional Outcomes After 
Treatment of Scaphoid Fractures in Children and Adolescents. J Pediatr Orthop. 
2016;36(1):13–18.
 29.  Sinikumpu JJ, Victorzon S, Antila E, Pokka T, Serlo W. Non- operatively treated 
forearm shaft fractures in children show good long- term recovery. Acta Orthop. 
2014;85(6):620–625.
 30.  Plint AC, Perry JJ, Correll R, Gaboury I, Lawton L, A randomized LL. controlled 
trial of removable splinting versus casting for wrist buckle fractures in children. 
Pediatrics. 2006;117(3):691–697. https://www. ncbi. nlm. nih. gov/ pubmed/ 16510648
 31.  Huang W, Zhang X, Zhu H, et  al. A percutaneous reduction technique for 
irreducible and difficult variant of paediatric distal radius and ulna fractures. Injury. 
2016;47(6):1229–1235.
 32.  Pesenti S, Litzelmann E, Kahil M, et al. Feasibility of a reduction protocol in the 
emergency department for diaphyseal forearm fractures in children. Orthop Traumatol 
Surg Res. 2015;101(5):597–600.
 33.  Cheng PG, Chang WN, Lin HS, Wu S- K, Wang MN. Traumatic Separation of 
the Distal Ulnar Physis in Children: A New Classification for Displaced Volar- Flexion 
Injuries. J Orthop Trauma. 2014;28(8):476–480.
 34.  Satish BR, Vinodkumar M, Suresh M, Seetharam PY, Jaikumar K. Closed 
reduction and K- wiring with the Kapandji technique for completely displaced 
pediatric distal radial fractures. Orthopedics. 2014;37(9):e810–816.
 35.  Roth KC, Denk K, Colaris JW, Jaarsma RL. Think twice before re- manipulating 
distal metaphyseal forearm fractures in children. Arch Orthop Trauma Surg. 
2014;134(12):1699–1707.
 36.  Sinikumpu JJ, Lautamo A, Pokka T, Serlo W. Complications and radiographic 
outcome of children's both- bone diaphyseal forearm fractures after invasive and non- 
invasive treatment. Injury. 2013;44(4):431–436.
 37.  Martus JE, Preston RK, Schoenecker JG, et  al. Complications and outcomes 
of diaphyseal forearm fracture intramedullary nailing: a comparison of pediatric and 
adolescent age groups. J Pediatr Orthop. 2013;33(6):598–607.
 38.  Lee SC, Han SH, Rhee SY, et al. Percutaneous transphyseal pin fixation through the 
distal physis of the ulna in pediatric distal fractures of the forearm. J Orthop Trauma. 
2013;27(8):462–466.
 39.  Wall L, O'Donnell JC, Schoenecker PL, et al. Titanium elastic nailing radius and 
ulna fractures in adolescents. J Pediatr Orthop B. 2012;21(5):482–488.
 40.  Lefevre Y, Laville JM, Boullet F, Salmeron F. Early correction of paediatric 
malunited distal metaphyseal radius fractures using percutaneous callus osteoclasis 
("Calloclasis"). Orthop Traumatol Surg Res. 2012;98(4):450–454.
BOne & JOinT OPen 
B. CrosBy, A. BehBAhAni, o. olujohungBe, B. CottAm, D. Perry130
Author information:
  B. T. Crosby, intercalation in Biomedical Sciences and Translational Medicine (MRes), 
intercalating medical student
  A. Behbahani, 5th year medical student
  B. Cottam, intercalation in Biomedical Sciences and Translational Medicine (MRes), 
intercalating medical student
  D. Perry, MB, ChB (Hons), FRCS (Tr & Orth), PhD
University of Liverpool, Liverpool, UK.
  O. Olujohungbe, intercaltion in Urgent and emergency Care (BSc Hons), 
intercalating medical student, University of Liverpool, Liverpool, UK; University of 
Plymouth, Plymouth, england.
Author contributions:
  B. T. Crosby: independently assessed all the titles and abstracts of published articles 
as a result of the initial search of the Cochrane Library, Scopus and OViD Medline 
for eligibility. Any disagreements upon the selection of studies was resolved via dis-
cussion. 
  A. Behbahani: independently assessed all the titles and abstracts of published articles 
as a result of the initial search of the Cochrane Library, Scopus and OViD Medline 
for eligibility. Any disagreements upon the selection of studies was resolved via dis-
cussion. 
  O. Olujohungbe: independently assessed all the titles and abstracts of published 
articles as a result of the initial search of the Cochrane Library, Scopus and OViD 
Medline for eligibility. Any disagreements upon the selection of studies was resolved 
via discussion. 
  B. Cottam: independently assessed all the titles and abstracts of published articles 
as a result of the initial search of the Cochrane Library, Scopus and OViD Medline 
for eligibility. Any disagreements upon the selection of studies was resolved via dis-
cussion.
  D. Perry: Adjudicate where this was not possible. B. Crosby was responsible for the 
writing of the manuscript with supervision.
Funding statement:
  This research received no specific grant from any funding agency in the public, com-
mercial or not- for- profit sectors.
ICMJE COI statement:
  no authors declare any competing interests regarding this paper.
© 2020 Author(s) et al. This is an open- access article distributed under the terms of 
the Creative Commons Attributions licence (CC- By- nC- nD), which permits unrestricted 
use, distribution, and reproduction in any medium, but not for commercial gain, pro-
vided the original author and source are credited. Standard
 41.  Eichinger JK, Agochukwu U, Franklin J, Arrington ED, Bluman EM. A new 
reduction technique for completely displaced forearm and wrist fractures in children: 
a biomechanical assessment and 4- year clinical evaluation. J Pediatr Orthop. 
2011;31(7):e73–79.
 42.  Boutis K, Willan A, Babyn P, Goeree R, Howard A. Cast versus splint in children 
with minimally angulated fractures of the distal radius: a randomized controlled trial. 
Cmaj. 2010;182(14):1507–1512.
 43.  Al- Ansari K, Howard A, Seeto B, et  al. Minimally angulated pediatric wrist 
fractures: is immobilization without manipulation enough? Cjem. 2007;9(1):9–15.
 44.  Alizadeh Z, Paymard A, Khalili A, Hejr H. A systematic review of pain assessment 
method in children. Ann Trop Med Public Health. 2018;10(4):848–849.
 45.  Birnie KA, Hundert A, Lalloo C, Nguyen C, Stinson JN. Recommendations 
for selection of self- report pain intensity measures in children and adolescents: a 
systematic review and quality assessment of measurement properties. Pain. 2018. 
Aug 22. 10.1097/j.pain.0000000000001377..
 46.  Forum NQ. Patient- reported outcomes. 2018(Cited 2018 October 17). Available from. 
https://www. qualityforum. org/ Projects/ n- r/ Patient- Reported_ Outcomes/ Patient- 
Reported_ Outcomes. aspx
 47.  MacDermid JC, Roth JH, McMurtry R. Predictors of time lost from work following 
a distal radius fracture. J Occup Rehabil. 2007;17(1):47–62. https://www. ncbi. nlm. 
nih. gov/ pubmed/ 17245636
 48.  Activities Scale For Kids. (Cited 2018 October 17). 2018. http://www. acti viti essc 
alef orkids. com/
 49.  Nelson GN, Stepan JG, Osei DA, Calfee RP. The impact of patient activity level 
on wrist disability after distal radius malunion in older adults. J Orthop Trauma. 
2015;29(4):195–200.
 50.  Forrest CB, Tucker CA, Ravens- Sieberer U, et  al. Concurrent validity of the 
PROMIS® pediatric global health measure. Qual Life Res. 2016;25(3):739–751.
 51.  Plant CE, Parsons NR, Costa ML. Do radiological and functional outcomes 
correlate for fractures of the distal radius? Bone Joint J. 2017;99- B(3):376–382.
 52.  Varni JW, Magnus B, Stucky BD, et al. Psychometric Properties of the PROMIS® 
Pediatric Scales: Precision, Stability, and Comparison of Different Scoring and 
Administration Options. Qual Life Res. 2014;23(4):1233–1243.
